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Foreign holdings of Korean government bonds are now nearly 15%, up from less than 1% in the mid-2000s. Foreign interest in KTB futures has also been strong, effectively accelerating the growth of the KTB market. Foreigners find it easier to trade futures than cash bonds due to taxation, leverage, and liquidity issues.
Foreign investors have played an important role in the Korean bond markets. Their active participation has helped boost market liquidity, depth, and sophistication. There are also concerns, however, about its potentially destabilizing effects during financial turmoil. As foreign participation grows, the local bond markets seem to respond more sensitively to global financial conditions as herding behavior among global funds takes hold (on top of domestic macroeconomic conditions). Similarly, while the introduction of financial futures facilitates price discovery of the underlying financial assets, some market observers note that greater foreign investor participation in the futures market might raise market volatility with relatively large, one-way transaction volumes compared to those of domestic investors. For instance, some note that just several foreign investors can take substantially large positions in the futures market, moving prices and subsequently affecting cash prices. Domestic players also closely monitor foreign traders, who are often viewed as better informed and more sophisticated, which in turn influences domestic trading behavior.
The Korean case merits some discussion in this regard. Following the Asian financial crisis, Korean policy makers actively sought the development of domestic bond markets as an alternative source of funding to bank lending. Since then, the market has seen tremendous growth, in no small part, due to the establishment of KTB futures and the proactive promotion of foreign participation, as many observers note.
But do foreign investors help trigger excessive futures price movements and transmit this instability to the cash market? This concern reflects a lack of understanding about the trading 1 Data available at http://asianbondsonline.adb.org/regional/data/bondmarket.php?code=Foreign_Holdings 2 Emerging Asia in this paper refers to the nine economies in East and Southeast Asia covering the People's Republic of China; Hong Kong, China; Indonesia; the Republic of Korea; Malaysia; the Philippines; Singapore; Thailand; and Viet Nam.
behaviors of foreign investors and their role in financial asset pricing in comparison to those of domestic investors. Price discovery inevitably involves increased market volatility. But if this higher market volatility really only reflects the increase in information as more heterogeneous groups of investors enter the market, with its diverse sources of information, it may not be a concern in itself. Therefore, the real question should be what type of foreign investors does the futures market attract? Are they different from the type of foreign investors participating in the cash market? And does their trading behavior show more inclination toward herding and speculation, leading to excessive market volatility? Better understanding of foreign investors' trading behaviors in futures markets and their role in market efficiency and volatility is critical for assessing the risk of financial liberalization and for designing a macroprudential policy framework appropriate during rapid financial market development.
To our knowledge, no study looks at the impact on price discovery of sovereign bonds of foreign participation in the futures market. This is especially true for emerging market economies, given a lack of quality trading data. Research in this unexplored area could have a profound impact on financial market development, as the findings could guide policy makers in crafting regulatory guidelines that win the benefits of foreign participation in developing futures markets while avoiding the potentially adverse consequences. This paper investigates the price impact of foreign participation in local currency bond futures from the emerging market perspective.
The paper also introduces some important new elements. First, similar to Brandt, Kavajecz, and Underwood (2007) , 3 we examine the trading patterns of different investor groups, specifically looking into the impact of the net transactions of foreign and domestic finance institutions (DFI) on KTB futures and cash prices. We also examine in which market price discovery takes place. Second, following Richards (2005) , we decompose net buys and net long positions into expected and unexpected components to examine how the price discovery happens, but add the analysis of the different types of investor groups to assess whether the type of investor matters in price discovery and, if so, by how much. And third, we look at the discovery process by investor groups at three subperiods-precrisis, crisis, and postcrisis-in our sample for any marked changes in the trading behaviors of different investor groups that have influenced price discovery across the subperiods.
Specifically, the paper aims to answer the following three questions: (i) Which market (cash or futures) leads price discovery in Korean treasury bonds? (ii) What types of investor groups drive this process? (iii) Which component (expected or unexpected) of net purchases and net long positions influences price movements in both markets?
In summary, our findings confirm that price discovery takes place in the futures market, in that our model fit substantially increased when we took the interaction between net transactions in both cash and futures markets into account. This is as opposed to considering the cash market only. We also find that foreigners' net long positions in the futures market are highly associated with futures and cash returns, suggesting that they drive price discovery. Finally, the unexpected component of foreigners' net long positions (their private information or idiosyncratic response to news) seems to exert significant influence on prices, although slightly less than their expected component; while it is the expected component that matters overwhelmingly more for the price impact of DFIs' cash trading.
The paper is structured as follows. Section II reviews the related literature. Section III describes our dataset, provides descriptive statistics showing net buys and net long positions in the cash and futures markets by investor group, and discusses how we decompose expected and unexpected components of net transactions. Section IV presents the empirical model and discusses the results, and section V summarizes findings and offers policy implications.
II. LITERATURE REVIEW
The financial literature on the impact of foreign participation in domestic bond markets is substantial, and suggests that growing foreign participation could influence domestic asset pricing and market liquidity, with potential costs and benefits. Warnock (2012), International Monetary Fund (2005) , Peiris (2010), and Roldos (2004) discuss some of these advantages and disadvantages. Burger, Warnock, and Warnock (2012) , for example, claim that foreign participation could support domestic bond market development, as it has the potential to reduce currency mismatches and serve as alternative funding when domestic investors divest. Focusing on emerging markets, Peiris (2010) finds that foreign participation in the domestic government bond market can substantially reduce long-term sovereign bond yields and may even dampen the volatility of bond yields, contrary to a common misconception that foreign participation disturbs the local market. These authors argue that foreign investors can help lower bond yields, increase liquidity in government bond markets, and minimize financial market volatility if supported by institutional and regulatory frameworks. 4 However, they also note that foreign participation could lead to greater interest rate volatility, and induce adverse spillover into other financial markets.
Little has been explored in the role of foreign investors in the government bond price discovery process through their participation in futures trading for emerging economies. But significant evidence points to the interaction of cash and futures markets for treasury bond price discovery in advanced economies. Some empirical work also suggests the importance of investor type for their trading patterns and role in price discovery. To the extent that foreign investors' information sets are different than those of domestic investors, foreign participation in emerging financial markets is likely to impact price discovery through various channels of information transmission. It is this gap in the empirical literature we aim to fill using the KTB market as a case study.
A significant body of literature illuminates the role of futures markets in the price discovery of assets in the underlying market. In theory, with perfect information, investors must be indifferent to choices between cash and futures markets because new market information is priced in both markets simultaneously. Therefore, the no-arbitrage condition should remove a substantial deviation of futures prices from the prices of the underlying bonds when appropriate risks and transaction costs are taken into account for pricing. However, empirical evidence often points to substantial price gaps between cash and futures markets, with futures generally leading cash markets, suggesting market inefficiency due to high transaction costs and information barriers between cash and futures markets.
Two aspects of this disconnect between theory and empirics have been studied. The first traces the impact of futures over cash markets or the convergence between futures and cash prices; the second looks at what causes price discovery in the futures market. On the first point, Witherspoon (1993) developed a theoretical model showing that if price discovery in the futures market exceeds a specified critical threshold of dominance over the cash market, the implications for the cash market can be detrimental due to increased autocorrelation, volatility, illiquidity, and even instability in the cash market. Huang and Zhang (1995) use cointegration and error correction models to assess price discovery between cash and futures municipal bonds in the US, and find that a two-way feedback relationship exists between the two markets, although the feedback from futures to cash markets is the stronger of the two, suggesting price discovery takes place in the futures markets. Campbell and Hendry (2007) use the information-share approach to estimate the contribution of trading in the cash and futures markets to the price discovery in Canadian and US government bonds. They also find that price discovery takes place in the futures market, using data from the Montreal Exchange and the overthe-counter cash market data for Canadian government bonds. These studies on price discovery in advanced countries' sovereign debt markets generally confirm the stylized fact that futures markets lead the cash market in price discovery.
On the second aspect, Kim, Szakmary, and Schwarz (1999) surveyed various explanations of why futures markets lead and they suggest lower trading costs as one of the major reasons. The trading cost hypothesis proposed by Fleming, Ostdiek, and Whaley (1996) also suggests that the market with lower overall trading cost will react more instantaneously to new market information, apart from other factors such as differences in market structures, liquidity conditions, short-sale constraints, and regulatory and technical constraints.
In fact, it is widely recognized that exchange-traded futures contracts usually have lower transaction costs relative to their underlying instruments, thanks to the existence of a clearing house for them and minimal margin requirements. Futures contracts are standardized, enabling trades based only on the number of contracts and their prices. Such standardized contracts, and the clearing house, facilitates price discovery and contributes to relatively low transaction costs.
That said, relatively low transaction costs in futures markets may give rise to other issues. Some argue that lower transaction costs and margin requirements allow highly leveraged positions and attract speculators who may destabilize the underlying market. Conversely, others argue that futures markets enable speedy price adjustment to new information and attract more informed investors, leading to tighter pricing between futures and cash markets, and helping improve liquidity and reduce volatility in the underlying market.
So far, empirical work on price discovery between cash and futures markets has concentrated on equity markets. Theissen (2012) , analyzing DAX cash and futures equity prices, finds that the futures market dominates price discovery; that is, returns in the cash market depend heavily on lagged returns in the futures market, but not vice versa. One important finding of Theissen (2012) is the presence of arbitrage opportunities that drive price discovery in the futures market, and which are in turn due to lower transaction costs. Richards (2005) adds another layer of analysis by considering the role played by various investor groups in the price discovery between cash and futures equity markets. Specifically, he looks into the impact of foreign participation in both for several Asian economies and finds that foreign investors wishing to change their exposure do so by taking short-term positions in futures markets and then unwinding their futures positions in the subsequent period as they carry out desired changes in their long-term positions in the cash market. His findings corroborate those in Theissen (2012) showing that futures trading impacts cash prices. Zhong, Darrat, and Otero (2004) also find that the futures market serves an important price discovery function, but they also note that the introduction of futures trading has enhanced volatility in underlying cash markets.
Some note the impact of information or news on bond prices and try to explain the role of trading in price discovery and information/volatility transmission. On the impact of news, Jiang, Lo, and Verdelhan (2011) found that while price jumps in US Treasury bonds often occur at prescheduled macroeconomic announcements, news surprises have limited power in explaining bond price jumps. Similarly, Hautsch and Hess (2007) find that the price impact of more precise news (whether good or bad) is stronger than imprecise news. Balduzzi, Elton, and Green (2001) observe that news can explain a substantial portion of price volatility.
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On the information content of trading for price discovery, given the information asymmetry in financial markets, order flows from different investor groups may reveal additional private information. As such, the market microstructure literature looked at how private information by informed traders can be incorporated into asset prices through order flows. Only a few of these studies, however, explored the price discovery in fixed-income markets due to the lack of quality data, and more so, for emerging market economies. Brandt, Kavajecz, and Underwood (2007) look into price discovery in the US Treasury futures markets. They find that although net order flows in both US Treasury cash and futures markets significantly influence prices, types of traders (and their trading purposes) seem to matter for pricing effects in both magnitude and direction. Price discovery also seems to take place more in the futures market as transactions costs in the cash market can be prohibitive. But under illiquid market conditions, price discovery can also take place in the cash market as asymmetric information could be high. Girardi and Impenna (2013) investigate the role of order flows in price discovery for Italian government bonds, using data from two different trading platforms, B2B interdealer and B2C dealer-to-customer markets. They find that the informational role of trading is considerable, with order flow a key variable in price formation, although B2C appears to contribute more than B2B. They note that the explanatory role of order flow is stronger when liquidity conditions are poorer. This paper builds on Richards (2005) and Brandt, Kavajecz, and Underwood (2007) to investigate the role of foreign investors' trading in price discovery using transaction data for KTB and KTB futures markets.
III. DATASET, DESCRIPTIVE STATISTICS, AND DECOMPOSITION OF NET PURCHASES AND POSITIONS

A. Dataset
We use high quality data on daily net transactions by different investor groups of 3-and 10-year KTBs and their futures. Secondary KTB trading data is collected from the over-the-counter market, while transaction data for KTB futures is from the Korea Exchange. The dataset provides the net buys and net long positions by investor type of 3-and 10-year KTBs and their futures. First, our analysis focuses on two types of investors-foreign and DFIs. To examine the trading behaviors of different investor types, we disaggregate the types of DFIs into banks, asset management companies, and insurance and pension funds for the cash market; and banks, asset management companies, securities companies, and insurance and pension funds for the futures market.
The data include a breakdown of net transactions by foreigners and DFIs in daily KTB and KTB futures transactions. Data on foreign net KTB purchases and net positions in futures capture the trading activity of all registered foreign investors. Foreign investors in the KTB markets are registered with the local exchange or regulator, and brokers must report the nationality of the buyer and seller for each transaction. For KTB transactions, the DFI data are computed using the over-the-counter transactions from domestic banks, asset management companies, and funds; all of which represent the major players in the KTB secondary cash market. Unlike KTB futures traded on the Korea Exchange based on an automated electronic trading system, KTB secondary cash trading data are collected from the over-the-counter market and are based on reports from interdealer brokers. We exclude the domestic securities companies from the DFIs for cash trading data, as it is difficult to estimate the correct net purchase data for them. Domestic securities companies trade bonds for motivations beyond simple transactions (for example, pre-negotiated trading, brokerage, and propriety trading) and as such, they can sell KTBs over the counter while buying them from other sources. We also excluded the transaction data for individual investors, as their participation in secondary cash trading is also quite limited. Because data on futures trading are taken from the Korea Exchange, the net positions of all investor types are of reliable quality. Net long positions of different investor groups in the futures markets are expressed as the number of contracts, where each contract has a value of Korean won (KRW) 100,000,000, as are the net buys of different investor groups in the cash market. Because our dataset is on a daily basis and in contract value, we normalize the daily contract value by the total trading volume for each security. Both 3-and 10-year futures have the same settlement method and cycles.
8 For data accuracy, we exclude trading days corresponding to the settlement dates of government bonds (removing returns on both trading and the following days), as the returns on those dates might deviate from normal returns. The final settlement is on a cash basis. At maturity, Korea Exchange settles the difference between the final settlement price and the price of the futures contract. This is calculated by excluding any interest that has accrued since issuance or the most recent coupon payment (Source: Korea Investors Service). For the cash markets, 3-year KTB refers to treasury bonds with maturities exceeding 2 years up to 3 years, and 10-year KTB with maturities exceeding 5 years up to 10 years. The 3-year KTB futures are more actively traded than the 10-year KTBs. The underlying asset for the 3-year futures is the 3-year treasury bond, with a face value of KRW100 million and a 5% coupon rate, while the underlying asset for the 10-year futures is the 10-year treasury bond with a KRW100 million face value and a 5% coupon rate.
B.
Descriptive Statistics Table 1 presents the descriptive statistics of cash and futures returns (mean, standard deviation, skewness, and kurtosis) for both tenors (3-and 10-year) across different sample periods (full sample, precrisis, crisis, and postcrisis). The data are computed based on daily logarithmic returns, where nontrading days are excluded. First, for the full sample, futures returns are consistently higher than cash returns, although the differences are small. No-arbitrage conditions appear to keep the differences within a certain range because of information and transaction costs. But the differences are generally greater for the 10-year than the 3-year paper, suggesting that the cash and futures markets for 3-year KTBs are better integrated because of greater market liquidity and efficiency given the longer history of trading. Second, futures returns have slightly, but consistently, higher volatility than cash returns. Volatility is also higher for 10-year KTBs and futures compared to the 3-year paper, reflecting its relatively higher yield, and perhaps, because of limited market liquidity for them. Overall, the pattern of high return for high volatility is consistent, with the view that investors must be compensated with higher returns for greater risk. Volatility is also much higher during the crisis period for which data are available for the 3-year KTBs and futures. Third, both cash and futures returns follow a similar distribution pattern, slightly asymmetric and more peaked compared to the normal distribution. Between cash and futures returns for 3-year KTBs, the latter were more skewed to the left, especially in the precrisis period and flatter than the cash returns. Table 2 presents the trading volume for both cash and futures markets. It reveals that (i) 3-year KTB trading volumes in both cash and futures markets have been rising rapidly, especially futures, with growth after the crisis pronounced; and (ii) for both 3-year and 10-year KTBs, futures trading volumes are greater than cash market volumes, reflecting lower transaction costs in the former. Table 3 presents the average net purchases (cash market) and net long position (futures market) by investor group across subperiods. For the cash market, both foreigners and DFIs are net buyers. Because KTB issuance increased over time, all market participants may accumulate net buys, reflecting market demand growth. In the futures market, however, net long positions have to be met by net short positions. It appears that in the futures market, foreign investors are initiating trading, while DFIs are accommodating the net positions of foreigners. For instance, DFIs are selling their holdings in the 3-year futures market as foreigners purchase those assets, but in the 10-year market, foreigners are taking short positions, while DFIs are taking long positions. We also find that foreigners increased their net purchases in the 3-year cash market during the crisis and postcrisis periods and reduced their net long positions in the futures market.
In the cash market, most DFI subgroups are net buyers, except for banks, which are net sellers of 10-year KTBs. We note that foreigners purchased more in the 10-year than the 3-year cash market before the crisis, but this pattern was reversed during the crisis and postcrisis periods. This may be in line with ongoing deleveraging in advanced economies, where foreign investors adjusted their portfolios in favor of shorter tenors. In addition, we also find that among the DFI subgroups, domestic banks have larger net purchases or net long positions compared to other institutions.
For the futures market, banks, among the DFIs, are again the largest players. For 3-year futures, domestic banks, asset management companies, funds, and securities companies are net sellers, although both funds and securities were net buyers during the global financial crisis. For 10-year futures, banks and securities companies are net buyers, while asset management firms and funds are net sellers. Except for banks, other DFIs have smaller positions in the futures market, compared to foreigners. This supports the view that foreign participation instigates price discovery in the futures markets. Foreigners also show a tendency of herding 9 and trend-chasing, 10 amassing a large net position compared to DFIs at times.
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A similar type of investor following a similar investment strategy may make a common investment decision; for example, simultaneously buying or selling the same securities. 10 Buying financial securities after a recent upward trend in prices and selling after a recent downward trend. For example, investors can make a consistent one-directional investment for some time based on their projections of the trend in the policy rate. We also look into how different investor groups react to the monetary policy of the Bank of Korea (BOK) in both cash and futures markets.
11 Figures 1a and 1b show the net purchases and net long positions of foreign and DFIs for 3-year government bonds and futures.
12 Foreigners tend to reduce their net long positions in the futures market during BOK monetary policy actions (either easing or tightening stance), leading to the reverse positions of DFIs. In the cash market, DFIs are more active traders than foreigners, although both foreigners and DFIs seem to respond to BOK policy changes by adjusting their net purchases. These results imply that foreign investors who initiate trading activity in the futures market are different from the foreign investors in the cash market, and their trading decisions are independent of each other. In addition, DFIs are followers in the futures market by adjusting their net positions as a counterpart to the foreign investors' positions, but they act as an independent major player in the cash market. Policy stance refers to episodes when the BOK increased or decreased the base rate by at least 25 basis points in relation to the previous three interest rate policy decisions. 12 We do not show the 10-year government bonds due to a shorter sample. 
C. Decomposition of Net Purchases and Positions
Foreign investors have emerged as important players of increasing influence in the KTB markets, and their trading is closely watched by other market participants. Many observers have also noted that net purchases of foreigners in the KTB futures market seem to be associated with price changes in the KTB and its futures markets. Do these net purchases by foreigners represent additional information to net investor demand in these markets? To understand the price impact of foreign net purchases in KTB cash and futures markets, we try to estimate the new information content of net purchases by foreigners and other investor groups. The trading decisions of foreign investors are presumably based on an information set that may be different from that of domestic investors. Their motivation can be also different from domestic investors, reflecting differences in their overall investment portfolios. For example, foreign investors may be able to extract information from global returns about the future prospects of emerging markets, or they are simply increasing their investment allocations to emerging market assets for other portfolio benefits.
Richards (2005) presented a model to explain what drives net purchases of foreign investors in emerging market equity and futures. Using a model in which the net purchases of foreign investors are regressed on lagged returns of various markets and other lagged variables, such as net flows, he suggests foreign investors tend to respond to price movements in various markets or the information that drives those movements. Such similar trading patterns could be also interpreted as a form of herding by these investors, even if it is unconscious.
Several studies have also looked into the difference between expected and unexpected components of order flows and transaction volumes in financial futures markets. For instance, Bessembinder and Seguin (1993) 
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Rate cut Rate hike GFC Foreign DFIs trading volume, and found that unexpected volume shocks have greater impact on volatility. Drawing on the regression methodology in Richards (2005), we decompose net purchases of different investor groups into expected and unexpected components. It would be interesting to see which component (expected or unexpected) of net purchases and net long positions drives the discovery process. If the net purchase of foreign investors is largely a response to news and provides additional information to the market, it could be that the unexpected component plays a bigger role in price discovery. Richards (2005) tested this hypothesis in his study of foreign participation in Asian equity markets and found both expected and unexpected components to be significant. However, the coefficients and variance for the unexpected component are relatively large, suggesting that the majority of the contemporaneous impact of flows on returns can be attributed to the unexpected component.
Following Richards (2005), we decompose the expected and unexpected components by:
where NP is the net purchase (net long position) of investor groups, RETURNS t-1 refers to the lagged bond returns (either cash or futures), UST10Y t-1 is the lagged US 10-year Treasury bond yield used as proxy for global interest rates, KTB3Y t-1 is the lagged yields of 3-year Korean government bonds used as proxy for domestic interest rates, VIX t-1 is the lagged VIX used to measure investor risk appetite, ΔFX t-1 is the lagged change in nominal exchange rate to account for exchange rate movements, and ε t is the error term. We sourced daily 10-year US Treasury bond yields, 3-year Korean bond yields, nominal exchange rate (the Korean won per US dollar) from the BOK and the VIX from the Chicago Board Options Exchange. We estimate Equation 1 for foreigners and DFIs (including its subgroups) for both cash and futures bond markets.
We derived the unexpected component by estimating Equation 1 and then assuming that the residuals (ε t ) correspond to the unexpected component, while the expected component corresponds to the fitted values of the above regression. Both expected and unexpected components derived from Equation 1 are also estimated for the three subperiods (precrisis, crisis, postcrisis). We do so to account for the changing investor expectations during the three sample periods.
Tables 4a-c present the regression results on the determinants of net purchases and net long positions for precrisis, crisis, and postcrisis periods, respectively. We note several findings. First, lagged net purchases are significant for all sample periods. In the model, the lag length is set at five, as Richards (2005) suggests. 13 Net purchases seem to show positive autocorrelation, as investors may build their positions gradually (to mitigate the market impact of their trading) or investors of similar types may respond to new information in similar ways, but with different speeds. Second, net purchases are significantly correlated with lagged returns, which is more pronounced for several investor groups. The lagged returns have significant, negative effects on DFIs' net purchases in the 3-year KTB cash market and on the net long positions of domestic funds and securities companies in the 3-year futures market during the precrisis period. The effects of lagged returns on net purchases in the cash market become rather insignificant during the crisis and postcrisis periods, but the lagged returns have significant effects on net long positions of foreign investors in the futures market. The negative coefficients in the cash market suggest lower returns lead to higher net purchases, as opposed to the finding in Richards (2005) . This may suggest that there is some underlying demand for KTBs attracting investors to buy when the price falls. In the earlier years, DFIs have increased their holdings of KTBs for various reasons other than pure investment purposes. This pattern has changed over time, as their KTB holdings may have reached adequate levels. On the other hand, the effects of lagged returns have become significant in the 3-year futures market, with foreigners buying on previous day low returns. In the postcrisis period, the effects of lagged returns are more significant for 3-than for 10-year KTBs, implying that for long-term investors, daily returns may not be as important as they are for short-term investors. Third, the muted effects of lagged returns in more recent periods may also suggest that investors extract information from more broadly based information sets and the lagged returns may provide only little new information. What is noticeable is that, the explanatory power of other information variables such as the US and Korean interest rates, risk aversion, and exchange rate changes has become more significant over time. This could imply that investors extract more information from global and domestic economic conditions and potential risk factors for their trading decisions. Table 5 shows the summary statistics for the expected component of net purchases, the fitted values derived from the above regression results. Overall, we find that net purchases in the cash markets are better fitted by the model than the net long positions in the futures, with explanatory variables, including lagged net purchases, lagged returns, and other economic variables. The model seems to explain DFIs' net purchases in the cash market better than foreign investors' net purchases. In the futures market, the net positions of both foreign and domestic investors seem to be driven by news or private information, as suggested by the relatively low value of the expected component. Foreign investors and DFI groups take the opposite positions in the futures market. It seems foreign investors have been net buyers of 3-year futures contracts, while DFIs have been net sellers.
By the nature of the regression model, the unexpected component of net purchases is averaged zero as they are residuals from Equation 1. However, when we examine the pattern of unexpected components in relation to the BOK monetary policy stance, several observations can be made. Figures  2a and 2b present the unexpected component of net buy and net long positions of various investor groups in both cash and futures markets in relation to the BOK monetary policy stance. Overall, the unexpected components of foreign investors' net purchases and positions are negative in both the cash and futures markets, while those of DFIs are more positive. In the cash market, the unexpected component of foreigner investors' net purchases was more positively responsive to the monetary policy changes during the precrisis period, but became more negative through the global crisis and in the postcrisis period right after the crisis (Figure 2a) . On the other hand, the unexpected component of DFIs' net purchases increased during the precrisis period running up to the crisis, but decreased during the crisis and postcrisis periods until very recently. We note that for 3-year bond futures, the unexpected component of foreigners' net positions is generally negative in response to the BOK's aggressive policy actions (either increasing or decreasing the base rate), while DFIs tend to take net long positions in the futures markets as the counterparts to the foreigners' positions during those periods (Figure 2b ). These findings show that foreigners and DFIs take opposite positions in their unexpected net positions in the futures market whenever the BOK takes aggressive policy actions. Furthermore, although foreigners have overall net long positions in the futures market, they tend to take net short positions when unexpected information arrives in the market.
IV. EMPIRICAL SPECIFICATION AND RESULTS
A. Empirical Specification
Following the specifications of Brandt, Kavajecz, and Underwood (2007) in determining which market (cash or futures) leads to price discovery in Korean Treasury bonds, in which investor groups drive the process, and in which component (expected or unexpected) plays a stronger role, we estimate cash (futures) returns on contemporaneous and lagged net purchases (net long positions) by investor groups as well as lagged cross market returns, 14 given by:
where R refers to cash or futures returns, FrF is the foreign net purchases in the futures market, FrS is their net purchases in the cash market, DFIF is the DFIs net purchases in the futures market, DFIS is their net purchases in the cash market, CR is the cross market returns, and ε is the error term. We then breakdown the net purchases of investor groups by expected and unexpected components derived in Section III.C. We repeat these two estimations for the three subperiods (precrisis, crisis, and postcrisis) and then later disaggregate DFIs into banks, asset management, funds, and securities.
We stress several important points on our model specification. First, we include both contemporaneous and lagged net purchases to account for the instantaneous as well as delayed impact of trading on returns. In contrast, Brandt, Kavajecz, and Underwood (2007) do not include lagged terms. Second, we include lagged cross-market returns to confirm whether or not previous trading day returns in the cash market exert significant influence on present day futures returns, and vice versa. 15 Third, we break down the net purchases and net long positions by their expected and unexpected component, following Richards (2005) . Here, we expect that both components exert price effects, although the size of that effect could be different depending on how traders extract new information from the trading behaviors. Fourth, unlike other studies, such as those from Huang and Zhang (1995) ; Kim, Szakmary, and Schwarz (1999) ; and Theissen (2012)-who used returns and price data for error correction models to test price discovery between cash and futures markets-we follow Brandt, Kavajecz, and Underwood (2007) who regressed returns on cash and futures net purchases 14 The Brandt, Kavajecz, and Underwood (2007) specification of the interaction between the spot and futures market also looks into different investor categories across maturities. Unlike their specification, we include lagged terms and cross market returns to determine their contribution to net positions. 15 We initially included contemporaneous cross market returns. The results show that these are a significant driver of spot and future returns, as the coefficients are highly significant and the model fit is substantially better. However, we decided not to include these in the final specification, as this only shows that both spot and future markets are highly interrelated, without adding much to our analysis. and net long positions in both markets to fully utilize the information content from net transaction data to assess KTB price discovery.
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Tables 6 to 16 present our estimation results. We first present the full sample period (Tables 6,  7 , and 8) before showing the precrisis (Tables 9 and 10), crisis (Tables 11 and 12 ) and postcrisis (13 and 14) periods. Tables 8, 10 , 12, and 14 present the decomposition of expected and unexpected components by sample periods. Tables 15 and 16 present the results for disaggregated DFIs by investor subgroups for the full sample period.
For Tables 6-8 and 13-16, we show specifications (1)- (2) and (7)- (8) for the effect of foreign investors' trading on both 3-year [(1) and (7)] and 10-year [(2) and (8)] cash and futures returns, respectively; specifications (3)- (4) and (9)-(10) for the effect of DFIs' on both 3-year [(3) and (9)] and 10-year [(4) and (10)] cash and futures returns, respectively; while specifications (5)- (6) and (11)- (12) include both foreigners and DFIs for both 3-year [(5) and (11)] and 10-year [(6) and (12)] cash and future returns, respectively. For Tables 9-12, estimates for 10-year cash and future returns are excluded due to unavailable data; in which case, specifications (1) and (4) are the effects of foreign investors' trading on 3-year cash and futures returns, respectively; specifications (2) and (5) for the effect of DFIs' on cash and futures returns, respectively; and specifications (3)-(6) include both foreigners and DFIs for cash and futures returns, respectively. For Table 6 , we present own-market net purchases, which we use as a benchmark to assess the importance of cross-market interactions between cash and futures markets. Robust standard errors are in parentheses and the significance levels are reported.
We tested whether the net purchases in both cash and futures markets are serially correlated. Using the Ljung-Box test for serial correlation, we were not able to reject the null hypothesis of no serial correlation at one lag. In addition, since we find that the net long positions of foreign investors and DFIs are highly correlated through the variance inflation factor test for multicollinearity, we used the regression residuals of foreign futures on DFI futures as a substitute for DFI futures.
17 Therefore, the results presented in specifications (5), (6), (11), and (12) use the residuals as a substitute for the DFI futures.
The model fit for all specifications (as indicated by the R-squared) is not very high, ranging from 8% to less than 30%. The goodness of fit would improve if we included contemporaneous crossmarket returns. But the effects of these are overwhelmingly large, given that these two markets are likely to be cointegrated, as suggested in the previous literature.
B. Analysis of Results
Tables 6 to 16 suggest the following findings. First, comparing Tables 6 and 7, we note that when the model specification considers interaction between the cash and futures market, it has a higher model fit (Table 7 ) compared to the model specification where we consider own-market net transactions only (Table 6 ). In fact, specification (5) in Table 6 , where we look into the impact of net purchases in the cash market of foreigners and DFIs, the R-squared is only about 6%. But when we consider net Notes: sreturns3 = spot returns 3-year. sreturns10 = spot returns 10-year. freturn3 = future returns 3-year. freturn10 = future returns 10-year. Specifications (1) to (6) refers to spot net purchases. Specifications (7) to (12) futures net long positions. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Authors' estimates.
purchases and net long positions in both cash and futures markets for foreigners and DFIs in specification (5) of Table 7 , the R-squared increases to about 12%. In contrast, in specification (11) of both tables for the futures returns, the difference between the two is quite small (11% versus 13%). Drawing on Brandt, Kavajecz, and Underwood (2007) , this provides evidence that price discovery takes place in the futures market. That is, the futures market contributes significantly more to the price movement in the cash market, compared to the cash market's contribution in the futures market. Furthermore, the net long positions of foreigners are statistically significant, with higher coefficients than DFIs for the price effect in Table 7 , offering evidence that it is foreigners who drive the discovery process in the futures market.
Second, the estimated coefficients for contemporaneous and lagged net purchases and net long positions show opposing signs; that is, when one is positive the other is negative. This could suggest a trading pattern in which investors adjust positions as they reassess information from the previous day. Excess buying the previous day, which suggests lower prices, will increase the price in the current trading period and lead to lower net purchases and net long positions, hence the negative sign.
In Table 7 , the foreign net long position in the futures market exerts significant positive influence on both cash and futures returns. In fact, the effect of foreign futures purchases is particularly strong for the 3-year futures market given higher foreign participation in that market than in the 10-year. The net futures positions of DFIs are also significant, but their price effects are almost equal, although of opposite sign to those of foreign net futures positions. This implies that DFIs take offsetting positions for the foreign investors' net positions in the futures market.
On the other hand, foreign trading in the cash market does not seem to influence prices in either market, whereas DFIs' net purchases in the cash market have a significant, negative effect on cash and futures returns. The negative price effect of DFIs' net cash purchases is hard to explain. This may be because DFIs do not represent all of the domestic investor subgroups. Note that our cash DFI data does not include domestic securities companies. Market observers note that domestic securities companies are often aggressive buyers of KTBs, raising the prices, which can subsequently be reversed by the participation of other domestic investor groups.
The estimates also show the dominant effect of foreign futures trading, as the coefficients remain large and significant when combined with the DFI futures in specifications (5)- (6) and (11)-(12). These findings support our first finding that price discovery takes place in the futures market and is driven by foreign net positions.
Third, in Table 8 , for both foreign net long positions in the futures market and DFIs' net purchases in the cash market, expected components appear to exert more price influence, given the magnitude of the coefficients with statistical significance. Similar to the results of Richards (2005) , our estimates show that both expected and unexpected components play significant roles in bond pricing. However, careful comparison between them in specification (5) suggests that for foreign futures trading, the effect of the expected component is just a bit higher than the unexpected (0.026 versus 0.011 in the contemporary returns, and 0.013 versus 0.007 in the sum of contemporary and previous day returns). For DFI cash trading, the effect of the unexpected component is much smaller, while these effects are weaker for both expected and unexpected components (-0.02 versus-0.004; -0.008 versus -0.001). This can be interpreted as an indication of how foreign investors' net futures positions change unexpectedly will carry valuable additional information. That is, the market extracts extra information, be it their private information or idiosyncratic portfolio rebalancing, from their trading behaviors. On the other hand, DFI transactions in the 3-year cash market are more predictable, provided that their assessment of overall economic conditions is expected. This finding holds true for futures returns as well.
Fourth, compared to Table 7 , the subperiod estimates show several noteworthy issues. During the precrisis period (Table 9 ), the effects of lagged transaction variables are insignificant, while the effects of lagged cross-market returns are significant. The effects of lagged, cross-market returns disappear during crisis and postcrisis periods (Tables 11 and 13 ). The results seem to suggest that during the precrisis period, investors did not pay as much attention as in the later periods to the information content of trading. Rather, they tried to extract information from observing prices in other markets and exploited arbitrage opportunities. Over time, investors have become much more active in their information gathering from intraday price movements. As information transmission quickens to nearly instant, the effects of lagged returns are not important anymore. This reasoning seems to have worked well in recent years, whereby cash and futures trading has been much more closely watched, and there is now instant and intraday price transmission between the two markets. In the crisis period (Table 11) , the effects of foreign net positions in the futures market are significant and large compared to pre and postcrisis periods. However, during 2008 However, during -2009 , the share of foreign net long positions in 3-year KTB futures was not very big in absolute terms, although compared to DFIs, their transactions were relatively larger. During the postcrisis period (Table 13) , the effect of the DFIs' net long positions in the futures market is greater than the effect of foreign investors' net long positions. The price effect of DFI trading increased significantly after the crisis, reflecting their increased size and sophistication. In terms of the expected and unexpected components subperiods, Tables 10, 12 , and 14 show that the unexpected foreign net long position in the futures market seems to consistently exert price influence across subperiods. However, our results also confirm the significance of the expected component, with its larger price effect, but the results are not consistent across periods and specifications. The greater impact of the expected component, albeit inconsistent across specifications and periods, might be due to increased transparency, and access to information has raised the effectiveness of expected net long positions, and therefore increased their effect on returns relative to unexpected net long positions. What these findings imply is that, over the sample period, the trading patterns of investor groups have evolved. The pricing effect of foreign participation is consistently significant and positive in both 3-year cash and futures markets across all subperiods, and particularly high during the crisis period. During the latter, both the expected and unexpected components of foreign transactions exert strong influence on prices, but the impact of the expected component is substantially higher than that of the unexpected, and visibly increases compared to pre and postcrisis periods. This suggests very active foreign trading in response to announcements in global and domestic macroeconomic conditions. On the other hand, foreign participation in the cash market has a negligible, if any, price effect. In addition, the pricing effect of foreign participation does not seem to be significant for 10-year cash and futures returns, reflecting relatively inactive foreign trading in the 10-year KTB futures.
Fifth, across subgroups of DFIs (Tables 15 and 16) , different groups show different trading patterns in both markets. In futures markets, apart from the significant effect of foreigners' net positions, net positions of asset management funds and DFIs played an important role in pricing with independent trading decisions. Banks and securities companies seem to react to foreign investors' trading, as their coefficients are significant only when DFI subgroups are run, but their effects disappear if foreign trading is included. In futures markets, domestic securities companies account for the largest share (about 30% in 2004 and 60% in 2013) , while banks are also sizable. 18 But when compared to foreign investors, 19 DFIs are fragmented; that is, they consist of a large number of smaller accounts, which dilutes their collective influence on pricing. This could explain the weaker price effects of banks and security companies in the futures market compared to foreigners.
In contrast, banks and funds appear to be dominant players in the cash markets, and their transactions have a significant impact on cash prices. In addition, the pricing effects of different DFI subgroups are different for different bond tenors. Domestic asset management and funds are longterm investors, exerting a significant, large influence on 10-year KTBs, and then affect the futures prices through hedging. In the 10-year KTBs, the expected components of these subgroups are very important pricing factors. However, these effects are neither very consistent nor significant across specifications (Table 16) . 18 Banks have hedging demand for their cash bond holdings and are likely to take a large short position in the futures market, based on a similar market view through relatively long-term market analysis; similarly, domestic securities companies may take a short position for hedging. 19 Usually, it is only several large foreign investors who make very large investments and drive market prices. Notes: sreturns3 = spot returns 3-year. sreturns10 = spot returns 10-year. freturn3 = future returns 3-year. freturn10 = future returns 10-year. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Authors' estimates. Notes: sreturns3 = spot returns 3-year. sreturns10 = spot returns 10-year. freturn3 = future returns 3-year. freturn10 = future returns 10-year. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Source: Authors' estimates.
V. SUMMARY AND POLICY IMPLICATIONS
This paper sheds light on the role of foreign investors in price discovery through their participation in KTBs and their futures markets. We examine how price discovery takes place in the Korean government bond cash and futures markets by considering how various investor groups interact in trading and how their transactions affect the prices in both markets during the 2004-2013 sample period. We show (i) which market (cash or futures) leads price discovery in KTBs, (ii) which investor types drive this process, and (iii) which component (expected or unexpected) of net purchases and positions influence price movements in these markets.
Using daily net transaction data from the over-the-counter market for secondary cash trading and from the Korea Exchange for futures trading, we find that the futures market leads price discovery in the Korean bond markets. The model fit for the price effects of trading improves substantially if trading in both cash and futures markets is included, as opposed to considering only one of these two markets. Furthermore, the futures market contributes significantly to price movement in the cash market, while the converse is not true. This finding is in line with previous literature for advanced economies such as the US and Canada.
Our results also suggest that foreign investors' net long futures positions drive price discovery in the KTB cash and futures markets. These exert significant influence in cash and futures returns, but their net purchases in the cash market do not. The trading behavior of foreign investors participating in the futures market also appears to be different from that of foreign investors in the cash market. As for DFIs, their net cash purchases impact both cash and futures returns. Although the effects of DFI net positions on the futures returns are also significant, these seem to be explained largely by a mirroreffect of foreigners' trading, as DFIs take the offsetting positions for the foreign investors' net positions in the futures market.
Empirical results also suggest that the pricing effects of how foreign and domestic investors trade are different. Compared to DFIs, foreign net futures positions are more unpredictable, driven by factors beyond the usual domestic and global economic conditions, such as their inclination to herding and speculation, and other private information. On the other hand, DFI trading decisions in the 3-year cash market are more predictable and based on overall economic conditions (expected).
In terms of the pricing effects of their transactions, both expected and unexpected components exert significant influence on bond prices. Although the expected component of both investor groups' trading decisions appears to be more important for pricing than the unexpected, there is a difference in the degree of pricing effects of how foreign and domestic investors trade, based on their responses to news and private information. That is, for DFIs, the expected component weighs much more than the unexpected in the pricing effect of their cash trading, while for foreign investors, the unexpected component plays an important role comparable to the expected component in the pricing effect of their futures trading.
Overall, our findings suggest that foreign participation in KTB futures has been useful for price discovery by helping investors exploit extra information from their trading behaviors, whether this additional information is based on their response to global and local news or private information. It also appears that both foreign investors and DFIs have improved information gathering and sharing through their trading. However, our findings also suggest that the price effect of foreign net futures positions is significant and affected by the unexpected component of their trading. To the extent that the type of foreign investors entering the futures market is different from the one in the cash market (that is, potentially more speculative and inclined to herding behavior), the possibility of a destabilizing effect of foreign participation in the futures market cannot be overlooked. Further research is warranted to understand the motivations behind foreign investors' participation in futures market based on their types and how these are related to market volatility.
A few policy implications can be drawn from our study. Price discovery seems to improve as the futures market develops; indeed, the Korean experience well illustrates how information transmission through trading can become more efficient in emerging bond markets over the course of futures market development. However, the Republic of Korea's experience suggests that foreign investors' trading decisions may be driven by factors that are very different from those driving domestic investors and potentially less predictable. These factors may include motivations for portfolio rebalancing, private information, idiosyncratic responses to new information, and herding. Nevertheless, the unexpected component of foreign participation in the futures market is shown to have a significant price impact on the local currency bonds. This suggests that there may be merit in making more effort to understand what types of foreign investors enter into futures markets, especially in developing economies. Different types of investors with different investment strategies and motivations-regardless of their nationalities-will likely bring in diversity, adding market liquidity and stability in the long run. However, in emerging markets, where the market remains small and shallow, foreign investors-especially if their investment strategies and motivations are similar as a groupcould have a disproportionately large impact on market liquidity and volatility. This rather unpredictable, but common as a group, trading strategy of any certain investor group could have implications for sudden price movement and market instability. Therefore, promoting participation of diverse foreign investor groups and increasing the size and sophistication of domestic investors can help enhance market resilience and stability in emerging local currency bond markets.
